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Currently, the treatments employed for treating POME in Malaysia are follows to a large extent and 
the principles of biochemical operations. Three different types of treatment systems are adopted and these 
include: a) open tank digester and extended aeration system [5], b) closed anaerobic digester and land 
application system [6], and c) pond treatment system [5]. The choice of the treatment systems are depends 
to a large extent on the company’s preference, location of the mill and availability of useable land. 
However, the pond treatment system is the most popular as it has been adopted by more than 85% of the 
palm oil mills in Malaysia nowadays [6]. Most of the pond systems that been applied for the treatment of 
POME in Malaysia are classified as waste stabilization pond. Besides, waste stabilization ponds are been 
widely used as a method of sewage disposal since the ancient times [7]. According to Arceivala [8], 
stabilization pond is similar to an activated sludge process but be different in the following ways: 
Stabilization ponds have i) long retention period, ii) low loading rate, iii) less active microbial biomass, 
and iv) less mixing and agitation where the particulate solids are settled and formed sludge layer in which 
the anaerobic process breakdown occurs. The configuration of the pond system consists of essentially a 
number of ponds of different functions such as anaerobic, facultative and aerobic ponds, which are made 
up of earthen structures with no lining at the bottom [6]. 
Anaerobic pond system for POME treatment consist of at least two ponds connected in series. The 
raw POME is channeled into the anaerobic pond from the sludge recovery tank. Anaerobic pond system is 
very effective in the treatment of wastewater with high strength, biodegradable organic contents 
(BOD>500) generated in large quantities by agricultural and food industries [7]. Anaerobic ponds system 
are usually designed with deeper basins than the other ponds in order to reduce the surface area to volume 
ratio thereby minimizing re-aeration (since oxygen transfer through the air-water interface is undesirable) 
and heat loss [7]. The anaerobic ponds system for POME treatments in Malaysia are usually 5-7 meters in 
depth [9]. Three zones can be identified in the pond, which includes: the scum layer, the supernatant layer 
and the sludge layer [10]. The anaerobic reaction takes place in the sediment includes solubilization of 
biodegradable particulate matter followed by acidogenesis, acidogenesis and methanogenesis process [11]. 
Generally, anaerobic ponds system are been used as preliminary treatment for high strength organic 
wastes and for partial stabilization of the waste before the secondary treatment system. The organic 
loading is considerably reduced and the retention time needed is generally long [12]. The organic loading 
for POME treatment is varies from 0.2-0.35 kg BOD/m3/day with a minimum of 30 days HRT [6]. 
Therefore, the start-up operation or acclimatization process of the anaerobic digestion process must be 
done with extreme caution to allow the anaerobe bacteria present in the mixed liquor could entirely 
acclimatized to a new environment. 
The aim of this work is focused on the start-up operation or acclimatization process of anaerobic 
degradation process for POME. Therefore, an anaerobic bench scale reactor (ABSR) was operated at two 
different organic loading rates (ORG) of 0.89 – 0.92 kg COD/m3/day and 1.34 – 1.37 kg COD/m3/day 
which corresponds to hydraulic retention time (HRT) of 60 and 40 days to treat the POME.  
 
2. Materials and Methods 
 
2.1 Wastewater Sampling and Characterization 
 
The raw and anaerobic digested POME that been used for this research project was taken from the 
recovery tank and anaerobic pond at MALPOM Industries Bhd, Nibong Tebal, Penang. Both samples 
were separately collected in 10 liters high-density polyethylene (HDPE) bottles. The wastewater was then 
stored in the refrigerator at 4°C until further detailed analysis could be conducted. Meanwhile, the 
sampling time was fixed between 2-3 pm for every batch of sampling. The characteristic of POME that 
been used in the experiment is shown in Table 1.  
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Table 1 Characteristics of palm oil mill effluent (POME). 
 
Parameter Concentration range (mg/l)  Mean  Standard Deviation 
pH  4.15 – 4.45   4.3   ± 0.11 
COD  45500 – 65000   55250   ± 7534 
SCOD  20500 – 24500   22500   ± 1436 
BOD  21500 – 28500   25000   ± 2607 
TS  33790 – 37230   35515   ± 767 
TVS  27300 – 3015   28697    ± 1054 
SS  15660 – 2350   19610   ± 2908 
O & G  1077 – 7582   3822   ± 2483 
TN  300 – 410    355   ± 37 
NH3-N  8.3 -8.5    8.4   ± 0.08 
* Unit for all parameter is mg/l except pH  
 
2.2 Experimental set-up 
 
The schematic diagram of the laboratory anaerobic bench-scale reactor (ABSR) is shown in Figure 1. 
ABSR was fabricated of flexi glass with the dimension of 60 cm length, 30 cm height and 30 cm width. 
The reactor was divided into two parts, which are anaerobic tank with dimensions of 55 cm length, 28 cm 
height and 30 cm width and the overflow collection tank of 5 cm length, 28 cm height and 30 cm width. 
Two panes of flexi glass with dimension of 10 cm in width and 55 cm in length were fixed at an angle of 
45o at the bottom of the anaerobic tank as shown in Fig. 1. The total volume of the ABSR was 54 liters 
and the actual working volume was 38 liters.   
 
Fig. 1. Schematic diagram of laboratory anaerobic bench-scale reactor (ABSR). 
 
2.3. ABSR Sampling Procedure 
 
The ABSR was manually been controlled and monitored. ABSR was operated under the mesospheric 
conditions. Master flex peristaltic pump (Model 7520-35) was used to pump the raw POME wastewater 
into the anaerobic tank. Treated POME was streamed into the collection tank. In present study, the treated 
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POME was taken from the collection tank after 24 hours for the purpose of analysis at each batch of 
hydraulic retention time (HRT). The ABSR was monitored constantly to ensure smooth operation. The 
samples were subjected to the analysis of the following parameters such as pH, COD, SCOD, MLSS, 
MLVSS, alkalinity, volatile fatty acids and others based on American Public Health and Association 
(APHA) standard methods for water and wastewater analysis [13]. 
 
2.4 Acclimatization of ABSR 
 
Throughout this present study, the seeding that required for starting up the ABSR was taken from 
anaerobic pond of MALPOM Industries Bhd wastewater treatment plant. About 38 liters of the anaerobic 
digested POME was used to acclimatize the laboratory ABSR. Throughout this acclimatization period, 
the start-up of the ABSR involved stepped increases in influent organic volumetric loading rates from 
0.89 - 0.92 kg COD/m3/day to 1.34 – 1.37 kg COD/m3/day. This acclimatization phase was continued for 
about 50 days to allow the microorganisms present in the mixed liquor perfectly acclimatized to the new 
environment [4].   
 
3. Results and discussion 
 
3.1 Acclimatization phase of ABSR 
 
The acclimatization process or better known as start-up strategy of the anaerobic digestion process has 
to be done with extreme caution. This process could allow the anaerobe bacteria present in the mixed 
liquor entirely acclimatized to a new environment. Therefore, the start-up strategy was been done by 
monitoring a number of indicators that would supply complimentary information for the anaerobic 
degradation process. This information would provide an early warning of the degradation process so that 
remedial actions could be taken before the degradation process failure occurred [14]. The indicators that 
been used for the acclimatization process are pH, microbial growth, total COD of effluent, COD removal 
efficiency, alkalinity and ratio faction of VFA:Alk. 
 
3.2 pH variation during the acclimation process of ABSR 
  
The pH variations of the anaerobic bench scale reactor (ABSR) are presented in Fig. 2. The initial pH 
of the anaerobic digested POME from anaerobic pond of MALPOM Industries Bhd. wastewater treatment 
plant as seeded sludge for the ABSR is obtained at 7.07. ABSR is initially loaded at 0.89 – 0.92 kg 
COD/m3/day, which corresponds to hydraulic retention time (HRT) of 60 days. Gonzalez et al., [14] 
stated that the acclimatization process should be started with a low loading rate because the upsets of the 
most systems are caused by both hydraulic and organic overload. As shown in Fig. 2, the pH profiles of 
ABSR tend to reduce gradually from 7.07 to 6.24 on the operation days between 0 and 10 days. This is 
largely due to an increased concentration of acetic or propionic acid that indicates the acidogenesis phase 
had occurred in the ABSR [15]. For the next 17 days, the pH level leisurely increased from 6.24 to 7.75 
as the methanogenic activity started to proceed optimally in a narrow pH value range between 6.3 and 7.8 
[16]. On the 29th day of operation, the pH reached 8.33 because the previous loading rate was increased to 
1.34 – 1.37 kg COD/m3/day which corresponds to HRT of 40 days. According to Yacob et al. [1], the 
performance of anaerobic degradation process warranted to increase with the use of stepped increment of 
raw POME loading rate. Moreover, the sharp increase of pH from 7.75 to 8.33 was due to the rise of 
methanogenic population with the organic loading rate, since more organic matter may support a larger 
population [17]. The ABSR continued operating at the same loading rate to monitor the stability of the 
reactor. The pH values showed fluctuation between 8.33 and 8.36 between the 29th to 38th days of 
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operation. Besides, the pH slightly increased about 0.10 to 8.46 in the next two days and fluctuated 
between 8.46 and 8.48 for the next eight days. It was indicated that the ABSR had already reached 
stability of the anaerobic digestion process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. pH variation of anaerobic bench scale reactor (ABSR) during acclimation process. 
 
3.3 Microbial growth variations during acclimation process of ABSR 
The microbial growth or biomass concentration during acclimation process of ABSR was measured as 
mixed liquor volatile suspended solids (MLVSS). Meanwhile, the mixed liquor suspended solids (MLSS) 
was also measured for investigation of fraction ratio between MLVSS and MLSS. The microbial growth 
variations of ABSR during the acclimation process are shown in Fig. 3. During the initial period of 
operation, the MLVSS concentration was at 15100 mg/l while the VSS:SS ratio is 0.7. The MLVSS 
concentration suddenly increased to 21900 mg/l after two days of operation. Besides, the MLVSS 
concentration continued to fluctuate between 21820 and 20320 mg/l for next 8 days since the pH of the 
ABSR is reduce. At this stage, it is believed that the colony of non-methanogenic (acidogenesis) bacteria 
was more than the methanogenic bacteria to convert the raw waste into organic acids, carbon dioxide and 
hydrogen gas [18]. Thus, the MLVSS shows increase up to 23280 mg/l on the operation days of 13 but 
gradually decreased from 21900 to 17200 mg/l for the next eight days. This situation shows that the 
ABSR had proceeded from acidogenesis to methanogenesis phase because the pH of ABSR was started to 
increase. Here, the biomass needed an extension of time required for the stabilization of organic fraction 
of the waste to stabilize since methanogenic anaerobes are known to be very sensitive to pH [19]. The 
ratio faction of VSS: SS still remained about 0.73 in the reactor.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Microbial growth of the ABSR during acclimation process. 
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After 17 days of operation, the biomass started to increase from 21620 mg/l and reached a peak of 
31220 mg/l on the next twelve days. On the other hand, the ratio faction of VSS: SS is decrease from 0.73 
to 0.63. The dramatic increase of biomass is caused by the step increment of organic loading rate from 
0.89 – 0.92 kg COD/m3/day to 1.34 – 1.37 kg COD/m3/day. Moreover, the steep increase of pH from 7.18 
to 8.33 also provided high amounts of active methanogenic bacteria in the ABSR [20]. The MLVSS 
concentration reduced to 26640 mg/l on the 31st day of operation. The stationery phase of microbial 
growth quickly reached on the 31st until 48th of operation day. At this period, the MLVSS concentration 
almost remained constant between 26600 and 25600 mg/l. Besides, the ratio faction of VSS:SS is always 
staying at 0.63. The constant concentration of biomass in the reactor demonstrated that ABSR is capable 
of holding high organic strength of POME and produce less amount of sludge even the ABSR had been 
operated for 48 days [21].  
 
3.4. COD variations during acclimation process of ABSR 
   
In present study, the influent of COD concentration of raw POME was fixed in the range of 52000 – 
55000 mg/l. Fig.4 illustrates the ABSR effluent COD concentration and removal efficiency during the 
acclimation process. ABSR is initially loaded at 0.89 – 0.92 kg COD/m3/day, which corresponds to 
hydraulic retention time (HRT) of 60 days. As shown in Fig. 4, the initial COD concentration of the 
seeded supernatant was at 11800 mg/l. After two operation days, the effluent concentration of COD 
increased to 12550 mg/l and keeps constant at around 12500 mg/l after a week of operation before 
increased about 8% to 13650 mg/l at 10th operation days. Meanwhile, the COD removal efficiency was 
steadily reduced from 77.03% to 74.61% by 2nd until 13th of operation days. At this stage, it was believed 
that the methanogenic bacterial growth slowly to adapt to the new environment since the pH of ABSR 
was reduced as mention at the section 3.2.  
 
 
Fig. 4. COD concentration of effluent and removal efficiency of ABSR during acclimation process. 
 
On the other hand, the effluent COD kept increasing until it reached its peak of 17700 mg/l during the 
operation days of 10th to 21st. Thus, the COD removal efficiency also steeply decreased from 74.61% to 
67.67% between 13th and 21st operation days. This is largely due to unbalance of anaerobic digestion 
process because the rate of acid formation exceeds the rate of breakdown to methane [22]. For the next 
three days, the effluent COD sharply dropped to 11100 mg/l but the COD removal efficiency was on the 
opposite trend as it dramatically increased to 79.78%. Here, it is a clearly noted that the methanogenesis 
phase completely occurred in the ABSR, since the pH of ABSR is at 7.53 on the 24 days of operation. 
Damirel and Yenigun [20] have stated that the pH of about 7.5 seemed to provide high amounts of active 
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methanogenic bacteria in the system. Reading of effluent COD remained between 11100 and 11500 mg/l 
for the next three days. On the 29th day of operation, the COD effluent reduced about 19% to 9300 mg/l 
while the COD removal efficiency increased up to 83.06%, where the organic loading rate increased to 
1.34 – 1.37 kg COD/m3/day. According to Toprak [23], this situation is expected that COD removal 
efficiency will increase with increasing of organic loading rate until a maximum condition at which the 
anaerobic biomass is optimum. Therefore, the effluent COD fluctuated between 9375 and 9200 mg/l 
while the removal efficiency also fluctuated between 82.28% and 83.2% for the remaining days of the 
operation. As a result, the acclimatization period of ABSR is already completed. 
 
3.5. Alkalinity and VFA: Alk variations during acclimation process 
 
The indicator of alkalinity and concentration ratio of volatile fatty acids (as acetic acids) to the 
alkalinity, VFA: Alk play an important role to tell us about the buffering capacity of anaerobic 
degradation system [18]. Fig. 5 describes the alkalinity concentration and VFA: Alk ratio of the ABSR 
during the acclimation process. The initial concentration of alkalinity and VFA: Alk ratio was 6370 mg 
CaCO3/l and 0.44. It was depicted that the initial VFA: Alk was greater than 0.4 indicating that the 
anaerobic degradation was not stable in the ABSR [22]. After two days of loading at 0.89 – 0.92 kg 
COD/m3/day, the alkalinity sharply increased up to 10290 mg CaCO3/l. Meanwhile, the VFA: Alk ratio 
also steeply reduced to 0.21. The acidogenesis phase occurred in the ABSR with the reduction of pH due 
to VFA accumulation proving an optimal environment for the acidogenesis bacteria [24]. For the next 4 
days of operation, the alkalinity slightly reduced to 10040 mg CaCO3/l and the VFA: Alk ratio also 
reduced to 0.18. The alkalinity gradually increased from 11550 to 14190 mg CaCO3/l from 10th until 21st 
days of operation while the VFA: Alk ratio reduced from 0.14 to 0.09. The increase of alkalinity level 
indicated that the bacterial groups were in equilibrium within the alkalinity range of 12500 – 14000 mg 
CaCO3/l [25]. Throughout the 24th operation day, the alkalinity kept increasing to 15470 mg CaCO3/l. 
The alkalinity remained at 15500 mg CaCO3/l on the next three days. On the other hand, the VFA: Alk 
reduced to 0.08 and fluctuated between 0.08 and 0.09 at the period of 24th until 31st operation day. The 
VFA: Alk ratio was within the optimum range after a month of operation. This is largely due to the usage 
of seed sludge from the same type of waste and hence reducing the acclimatization period by sustaining  
 
 
 
Fig. 5. Alkalinity and VFA:Alk of ABSR during acclimation process. 
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high microbial activity [1]. This condition warranted the organic loading rate can be increased from 0.89 
– 0.92 kg COD/m3/day to 1.34 – 1.37 kg COD/m3/day. The anaerobic degradation system received 
remedial of load to increase alkalinity to 17100 mg CaCO3/l on the 29th day of operation. The alkalinity 
decreased from 16760 to 16310 mg CaCO3/l for the next five days of operation. Meanwhile, the VFA: 
Alk ratio slightly increased from 0.09 to 0.10 in the same period. The alkalinity increased back to the 
level of 16850 mg CaCO3/l by the 36th day of operation. Besides, the VFA: Alk ratio loop increased to 
0.14 from 36th to 38th day of operation. The system regained its stability until the 48th day of operation 
with the fluctuating of alkalinity between 16830 and 16630 mg CaCO3/l while the VFA: Alk ratio 
remained at 0.13. As a result, the VFA: Alk ratio was still less than 0.4 which meant that the ABSR had 
reach stability condition. 
 
4. Conclusion 
 
In present study, it can be concluded that the start-up operation for anaerobic digestion process of 
anaerobic bench scale reactor (ABSR) has provide useful information for treating the high strength 
wastewater of POME. Hence, an early precaution could be taken before the anaerobic degradation 
process failure occurred. Therefore, the indicators such as pH, microbial growth, total chemical oxygen 
demand (COD) of effluent, COD removal efficiency, alkalinity and ratio fraction between volatile fatty 
acid and alkalinity were applicable for anaerobic digestion process of POME. 
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